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INTRODUCTION

This is the second report on the development and calibration of test
eqﬁipment by the Illinois Deﬁartment of Transportation for determining thew
skid resistance of highway pavements.. The total effort is part of a research
project, MAn Investigation of Skid Resistance of Pavement Surfaces," undertaken
in cogperation with the Federal Highway Administration of the U. 5. Department
of Transportationm.

A previous publication, Research and Development Report No. 23, 'Selection
and Design:of a Skid Tester," describes in detail the design and fébricat%on of
the original equipment. A briéf description of these activities is repeated in
the present report for convenience.

The sfStem, consisting of a skid trailer and tow vehicle, was designed in

accordance with the criterié established by the tentative standards of ASTM

Designation: E 274-65T,'Skid Resistance of Pavements Using a Two-Wheel Trailer.

Fabficétion:of the equipmeht‘was awarded to Soiltéét Incorporated of Evanston,
TIllinois. The trailer and tow vehicle were delivered to Fhe‘Illinois Division
of Highways in May 1968, and with ceftain modifications the system was made
operational in July.1969.‘ |

The design of the original equipment was based on a review of available

information regarding systems in use by various agencies throughout the country.

At that time, a large variation in the design of existing skid trailexs was
evident, and little uniformity was found between designs. A decision was made
to include those design features which the experience of others had shown to be

adequate or had at least indicated promise in providing satisfactory results.




It was‘realized that certain features would be expgrimental, and that modifica-
tions for improving the equipment ﬁould be nécessary in the final'develqpment of
an operational system. Therefore, a decision was made to incorporate modifica-

tions whenever improvement seemed appropriate. |

After receiving the equipment, preliminary tests were performed to evaluate

‘the operational characteristics of the system and to qualify the apparatus as a

device suitable for measuring skid resistancé of pavements. Several problems
were encountered during Fhe preliminary testing which indicated an immediate need
for modifying.certain components of the eQuipment before considering the system
operational. The major modifications included: (1) conversion of.the-electrically
ﬁowered water pump to a mecﬁaniéally driven s&stem for maintaining a uniform water
flow rate; (2) conversion of the direct dlscharge wettlng nozzles to brush appll-
cators for producing a more uniform water film thlckness, and (3) revisions of the
recording system for improv1ng the stablllty of the signal conditioning equipment,
During the preliminary tests, procedures aléo were implemented for calibrating
the force measuring and watering systems, The procedures include: (1) calibration
of the Eﬁrce transducers by.the torque or lever-arm method Forx cgrrelating skid
numberé to rcadings obtained from the force measuring éystem; and (2) calibration
of the Watering system to establish the flow rate of the water discharged on the
pavement' surface. - |

This report describes the skid-test equipment in general, the modifications

‘made_in the equipment, and the procedures established for calibrating the méjor

components of the éystem. Skid tests were performed using three different methods

.of water application which included both nozzlé and brush applicators. Visual

observations made during the tests clearly indicated that the brush applicators

dispersed a more uniform water layer which more nearly approaches the theoretical
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aftcr some usage. Representatives of the Warner Brake Company, when informed of
this problem, expreésed the opinion that the brakes possibly were being operated
at or near their design limit. Replacement of the brake armature and magnet to
part numbers 1101~11-003 and 1101-631-014 respectively, to provide a much greater
‘locking capability, was suggested. This modified brake has performed adequately

and is now used as standard equipment for the trailer.

Watering System

The self-watering systeﬁ of the skid-test equipment consists primarily of
the supply tank, pumps, distribution lines, and applicator assembly.

Preliminary testing of the original equipment showed that the water applica-
tion éystem was inadequate for maintaining a constant water flow rate and for
dispensing a water layer.compafable-to the cross-sectional dimensions used in
computing the required discharge fﬁte. The major problems were: (1) the outpuf
rafe varied with battery condition; (2) the proper flow rate could not be main-
tained when switching from a one-wheel test to a two-wheel test; (3) the flow rate
-was not easily adjustable for different test speeds; and (4) the water, when applied
to the pavement, toended Lo splash and scatter far beyond the width of the tread path.

The original watering system included a pump which was driven by an electric
motor powered by the 12-volt electrical system of the truck. The power requirements
for this motor exdeéded the output of the existing alternator and, as‘é result,lthe
fruck battéry would discharge during fésﬁing. As the battery discharged, the water
flow rate féll below that required to produce thelASTM minimum thickness require-

- ments. To eliminate the vafiance of thé water flow rate caused by variatiomns in
‘the Eondition of the battery, the single electrically driven pump was replaced by

two pumps mechanically driven by the drive shaft of the truck (Figures 4 and 5).
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Gear Pully Numbex

Diameter of
(inches) Grooves
A 6.366 40
B 9.549 - 60
c 3.501 22
D 7.003 44

Gear Pitch - % inch
Belt Width - 1 inch

Pump velocity at 40 mph test speed - 860 rpm

Figure 4. A schematic of the mechanical drive for the water pumps.




11

*sdumd JIeilesm 89Ul I0F SATIP TEOTUBYOSW Y] JO MBTA YV

‘¢ 2ans1d




- 12 =

These two pumps are Jabsco Model 6400 positive-displacement pumps having a maximum
rated capacit& of 69.0 gpm at 2100 rpm when operating with the back pressare of
4.3 psi. | |

An auxiliary shaft with an assemblage of rubber gear belts and gear pulleys

powered by the drive shaft is used to drive the two water pumps (Figures 4 and 5).

" The use of the gear belt arrangement eliminates slippage to insure a more uniform

water flow during each test., After converting the pumps to a mechanically driven

‘gystem, the driﬁe shaft was balanced to reduce vibrations within the system. This

conversion has‘provided satisfactory service for over 50,000 miles of operation

"with no major mechanical problems developing as a result of the modification.

Each water pump is controlled by a magnetic clutch located.between each water
pump gear pulley and the water pump shaft. Because the water pumps are poeltive
displacement and the gear belt drive eliminates the problem of belt slippage, the
rate of water flow is directly dependent upon the_speed of the drive ghaft and
the gedr ratio selected to give the proper water output. Witﬁ this neﬁ arrange-
ment, the water flow rate is proportional to the speed of the truck.

A pressure aensitive valve, which is spring loaded was Iinstalled in each
of the discharge lines to keep the water from draining out of the lines between
tests. An adjustable velve also was provided.at the brush applicators to regulate
the back pressure of the water for 1ower1ng the brush ‘to the pavement. By.con-‘
trolling the back pressure, the valve is also capable of regulatlng to a slight
degree the discharge rate of the water to the brushes.

ASTM Designation: E 274-65T specifies a water 1ayer thickness of 0.020 + .005
in. for all test speeds. This thickness cannot be measured directly and is calcu-

lated from the width of the water trace on the pavement and measured values of -
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water flow rate. The cross-section of the trace is assumed to be of unifprm
thiqkness in the calculation. Becauée qf the non-uniform trace deposited by

most wetting systems due to the turbulence of the water as it leaves the nozzle
and strikes the pavement surface, a reasonable measurement of the trace width is
not readily obtainable. 1In most cases, the value for the trace width used in the
computations is only an estimate based on visual or photographic observations.
Furthermore, the assumptiﬁn of‘uniform‘c;oss-section thickness may be very
iﬁaccurate.

The skid traller, as received from the fabricator, was equipped-with a nozzle-
type water applicator designed to place a streaﬁ of water onto the pavement in an
area immediately in front of each tire. Observationé of the wetting system indi~-
cated considerable water scatter and lack of cross-sectioﬁél_uniformity in appliéa—
tion at normal test speeds (Figure 6). As a result, difficulty was experienced
in determiﬁing both the width and thickneés of the Wéter film deposited under the
test tires by the system. R

fo reduce the observed inconsistencies, the systeﬁ was modified:to.accoﬁmodaté
a brush applicator which placéslthe water directl& on the pavemént (Figure 7). The
trailing edge of the brush is located approximately 23 incﬁes from the center of
the ﬁire. The manner of applying the water is fully automatic with the brushes
lowered to the pévement by the water back pressure acting on a hYdraulic piston.
(Figure 8); Rubber baffle plates were also attached to the sides of the brush.to
further reduce the problem of water scatter (Fiéure 9), The brushes used for the
wetting system, which were purchased from the Fuller Brush Company, are identified
as Model Number‘326. This brush was selected beéause its design offered the leaét

restriction to the flow of water passing through the top of the brush. The durability
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Modified watering system incorporating brush applictors.

Figure 8,
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of -the brush as characterized by the soft nylen bristles'was found highly satis-
factory for extensive use as a water applicator for conducting skid test%. Little
wear of the bristles was evident after a full &ear of testing which iﬁclpded over
5000 test applications. Visual observations indicated that the bruéh system is
very effective in applying a uniforﬁ layer of water of measurable width to the
pavement-surface. The brush appiicator'tendé to dissipafe the energy of]the water
és it is discharged through the brushes. Consequently, the velocity or Finetic
energy of the water is reduced to a manageable leyel for producing a more steady
and uniform flow within the path of the test tife, By having greater cpntrel of
the cross-sectionél area, the water is more evenly distributed and 1arge}y‘con-

centrated within the working area of the test tire. One of the main advantages

found for the brush system is the reduction in the amount 6f water needed to comply

‘with the theoretical water layer thickness requirements of ASTM Designation: E 274-65T.

Because the application of water was most consistent, resulting in a more efficient
. : 3

use of the water, the wetting system incorporating the use of brush applicators was

selected as standard equipment for conducting skid tests on Illinois pavements. y

Duriﬁg the development of the modified watefing system, a series ofi tests
was conducted to determine the skid number—water flow rate relationships‘for the
three common methods of applylng water during skid testing The methods'lnclude- H
(1) application of water dlrectly to the face of the tire by means of a Fozzle;
(2) application directly to the pavemeﬁt by means of a‘nozzlg; and (3) arplication

directly to the pavement by means of a brush. . ¢

1

A total of 108 skid tests were performed with established flow rates of
§
13.5, 27, and 33 gpm for each water application system. The tests were ponducted

at 12 locations within a two-mile section of a new bituminous concrete surface with

{




a constant test speed of 40 mph. Three test runs‘Were made at each location,
Wthh provided a total of 36 tests for each of the established flow rates corre~
sponding to each method tested, The surface texture of the pavement wasicons1dered
reasonably uniform for making a valid comparison between the three methods of
applying water. These tests were performed before the pump system was modified
to produce a constant water flow rate as described previously. However,kto minimize
the variations in water flow rate relative to the condition of the battery, suffi-
‘cient time was permitted between each test to recharge the battery

The results of the water application tests based on the averaged skid value

obtained for each condition are shown in Figure 10. A major point‘of interest is
the wide difference in skid numbers obtained in thebthree‘methods of water appli-
cation. The wetting system ueing brush applicators‘nroduced the'lowest skid number
for a given rate of water flow, This trend also was found when attemnting to corre-
late skid data obtained by the Illinois trailer using the brush system with data
acquired by trailers of other agencies using other appllcation systems [In most
cases, the skid numbers determined with the Illinois trailer have been consistently
lower than corresponding values derived‘by the other agencies. Variations in skid
number_were also apparent when comparing systems utilizing‘brush applica?ors._ These
variances are belieyed_to be influenced at least partially by dimensionad differences
in the location of the brush in front of the test tire.l Tbe configuration of_the

brush assembly 1s another possible cause of variability. }

Recording System

' Problems encountered with the recording system’were: (L unstable gain'within
the circuitry of the preamplifiers; (2) extensive‘fluctuations of the'excitation
voltage'Provided.by the power supply; (3) undesirable signal-to-noise ratio in the -
recorded output; and (4) mechanical difficulties within the chart drive system.

t
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Varia;ion in the gain of the preamplifiers waa.coerGEed partly by réplacing
the temPerature-sensitive, carbon resistors with metal-film precision resistors
having a very low temperature coefficient, The'stability of the preamplifiers was
further improved by lowering the gain, or the ratio of increase of outputfover
input, of the feedback circuit from 500 to 200.

After improving the stability of the system by reducing the gain of the
preamplifiers, 1t was necessary to restore the total gain of the system to its
original value. The recorder was found capable of operating at a higher gain 1evel
_ withbut affecting the stabiiity of the system. The gain of the recorder: therefore,
- was adjusted to provide a total gystem's gain equivalent to the originaléequipment.

The excitation voltage originaily was obtained from a small power subply which
was‘shunt—regulated by a zener diode., This method of regulation was ineffective
in producing a steady voltage to the strain gage transducers, The éXCitation
voltage for thé strain gages varied considerably with the output ﬁoltage of the
truck battery. This deficiency was corrécted-by replacing the power.éupply with
a transistorized, seriés~regﬁléted ﬁnit which providés an oﬁtput of 6 votfs-within
the limits of + 0.1 percent.

Excessive noise in the recording system was fouﬁd tb be generated bi.ground
loops formed by the transduder cable éhields, The signal-tanoise ratio was greatly
improved by grounding one end of each shield to a common point, This arfangemeﬁt
lowered the noise level to a degree where it was no longer visible on the recorded
data.

The recorder was furnished with a mechanical drive which was.designéd to pro-
vide a chart speed proportional to vehicie speedlso that the-test speed éguld be

determined from the recording. During a skid.test, the recorder chart drive is
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_powered by an auxiliary speedometer cable which is attached to the take-off "Y"

adapter installed at'the point where the primary speedometer cable enters the
trock transmission., The other end of the cable is attached to the gear reduction
unit contaiﬁing an electro-magnetic clutch.

With this arrangement, a mechanical difficulty was encountered with the clutch

failing to engage and disengage properly because of the large torque required to

overcome the inertia of the gear reduction unit. This deficiency was corrected by

decreasing the gear ratio within the take-off "Y" adapter of the drive mechanlsm

With this modification, the electro-magnetic clutch ‘functions at a higher,speed
with a lower torque., An additional gear reductioﬁ unit was installed to restore

the chart drive to its original speed. A clutch was installed between the gear

" reduction unit and the recotder which allows the recorder drive to run electrically

whenever desired Withoﬁt turning the gear reduction unit. The gear ratio of the’
system produced‘a papef speed of appfoximetely 2.2 inches per second with the truck
traveling 40 ﬁph. Because. a considefabie amount of paper was consumed during a
test with this chart speed the gear ratio of the drive was revised to provide a
papex spevd of ‘about one inch per second at a 40 mph test speed

In an effort to. ineurL a high degree of confidence in the recorded date a
calibration pulse representing a known torque was added to the recording system,
This ealibration’pulse appears with each skid-test recording, and 1s automatically
placed on the recording.immediately'after the brake is released (Figure 11). At
this time, a relay is actuated which places a calibration resistor'acrose.one side
of the Wheatstone bridge located in each torque transducer. The programeér maintains
the calibration for about one second, after which the relay is released and the

programer is automatically reset and readied for another skid test.
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A chart coding system was constructed for the recorder utilizing the event
markers supplied with the recorder. The month, day, year, and pavement test sec-
tion were recorded in binary code on the gdge of the strip'chart. This feature
later was dropped for two reasons. First, the code could not easily be checked
for accuracy during the course of skid testing, and second, difficulties wefe

encountered with the performance of the event markers in the recorder. This

" information is now manually written on the chart preceding the skid-test runs,

The timing sequenée programed for a skid test also was revised to conserve
water and to reduce the time required for the total test period (Figuré 12). The
app}ication of water is now términated immediately after releasing the locked brake.

The recording from each skid test presentif is evyaluated by visually reading

the oSciliograph trace, Because of the large number of tests required for this

study, a considerable amount of time is consumed when processing the data in this

manner. An automatic digital printout is being developed for recording the average

‘transducer strain recorded during a test, the numerical value for the calibration

pulse, and the vehicle test speed. With the use of the automated system, a sub-
stantial savings in time for data reduction will be realized and the results will

be less dependent upon individual interpfetation of the chart recordings. The analog

" recordings will still be produced along with the digital readout to detect any -

irregularities that may occur during a ;est and to provide a permanent analog record
of the test data. Although this modification is not financed by funds for Project
THR~86, the feature will be used for the collection of data for the study.

Radip Communications and‘Safety Equipment

¢

A Motorola MOTRAC FM four-channel, two-way radio was installed in the skid
truck. The radio has the capability of transmitting either of the two-coded signals

!
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on any of the four channels. This enables the operator to cémmqnicate diréctly
with the base stations located at the headquarters of each highway distrigt. At
séme test sites, police asgistance in traffic control is‘desiraﬁle, and this
assistance can be obtained quickly through a radio call to the highway district
headquarters from where the State Police are in turn notified.

.O£hef communication equipment includes three RCA-Personalfone-SO ™ PoftaBle
transcelvers. These transcelvers are foﬁr-channel uﬁits compatible with the mobile
radio in.the truck. They a?e used by ;he police and the flagmen at the tgsf site

. 1 .
to communicate with the‘skid-truck operator and to coordinate skid«test activities

with traffic mpvément. The communications established with the transceiv%rs improve
the safety of the test operations by permitting the driver tﬁ be informediimme&iately
of trafflc hazards occurrlng at test sites where visibility is limlted

Because much of the skid testing is done-ln high- trafflc-volume areas, the
installation of additional warning lights on the truck cab and the skid trailer was
deemed necessary. | fwo simultaneéusly flashingrred lights were mounted om the front
of the truck and two alternately flashing red lighta were placed on the tpp corners
of the sign frame on the skid trailer (Figure l3), A sign reading "SKID [EST
VEHICLE" 1s located at the rear of thg tfailer. Four temporary warning signs and
gtands are carried on‘the tow vehicle and ereéted at each end of tﬁe test sites for

the duration of the skid tests, 7 o

f
CALIBRATION :

The following procedures are used for calibrating the watering system and

the force measuring transducers to insure that the total system is functional
' ‘ ‘ . f
prior to testing. Calibration of these components is made periodically and on

occasions when the test results appear questionable,'




Figure 13, Skid-test equipment with safety lights

and

signing.

LT
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of 40 mph, the measured discharge rates were 26.1 gpm at the left wheel and 24.4 gpm

at the right wheel, These flow rates, with the valves at the brush applicators

adjusted to provide maximum flow, are near the lower limit of the required- discharge

rate. The tests cﬁnfirmed the direct proportionality betweéen the water %low rates
of the positive displacement pumps and vehicle velocity; therefore, no mechanical
adjustment was necessary for maintaining the'required flow rate at diffé%ent test
speeds,

Based on Information received from the manufacturer, the water pumps were

initially designed to produce a water flow rate of 31,0 gpm with the back pressure‘

of 4.3 psi for a 40 mph test speed. The measured flow rates determined after
installing the brushes indicated a reaqction in flow rate of 4.9 gpm. at the -left
wheel and 6.6 gpm at the right wheel. This decrease in water flow rates is mainly
attributed.td head losses produced within the piping from the pump outlet to the
brushes and within the brush assemblies. Although the water flow rates are lower
than originally planned, the thickness of the water layer falls within the limits
specified'by ASTM Designation: E 274-65T. .

Transducer Calibration

The skid number for a pavement surface 1s determined by measuring the torque
developed by the lﬁcked wheel during a skiﬂ té;t. This torque is measured by a
torque-tuBe transducer mounted 5etween the brake backing Plate and a flange Which
is welded to the axle. Two two-gage rdsettes are mounted on the top and Bottom
of each torque tube so that all of the forces are cancellea except torque. With
strain gages on each transducer wired to form an electrical Wheatstone bridge,

a shunﬁ resistor can be placed acrﬁss one arm of’the bridge which uﬁbalances the

bridge as i1f a torque had been applied to the transducer. Therefore, any torque

can be simulated by the selection of an appropriate shunt resistor.
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o o A lever arm device is used'to ca}ibrate the torque transducer in lieu of

| the pull ﬁethod suggested by ASTM Designation: E 2%4+65T. The ekperience of
other investigétors indicates that the use of the lever arm devicg reduced the
time fequired to complete the calibration while maintaining-a degree of accuracy
equivalent to tﬁe pull method. 7 -

The lever arm is éttache& to a standard wﬁeel rim which 1is mounted oﬁ the
trailer axle in place of a conventional operating test wheei. After the traller
is raised and leveled, the brakes are locked, and increments of load are applied
to the lever arm broducing known Increments of torque on the transducer, A strain
indicator is used to.identify the magnitude of the strains produced by the known
torques. A célibration curve is plqtted.from the producé@ data from which #alues
of torquexcan be obtained froﬁ correspon&ing meééufements-éf strain.

From the torqué-strain felétioﬁshipg‘a calibrati@n resiétor was selected to
simulate a strain which is equivalent to a known torque. By autqmafically switching
the resistor across one arm of the Wheatstene bridge, a calibration pulse: represent-
ing the known torque is recorded immediately after the end of the braking: period.
Since the torque applied to the locked‘wheels during a skid test is directly piro-
phrtional to the height of the calibratipn pulse, the'induced torque can be deter-
miﬁed by comparing‘the.average height of the fecorded trace with the height of the
ﬁalibratioﬁ pulse. The mgasured torque is then converted to skid numbex hy.usiﬁg

.the‘apﬁropriate equation'for either a single- or two~whee1 lockup.

SUMMARY COMMENTS

To measure the relative skid resistance of pavement surfaces in Illinois,
- . a two-wheel type skid trailer which uses the torque at the locked wheel as a
measure of pavement skid resistance was developed according to the applicable
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“portions of ASTM Designetdon: E 274-65T. The design_of the original equipment
was based on a review of available information regarding systeme‘in use by various
agencies throughout the country. During the review it became evident tﬁatulittle
uniformity existed'among the design cetails incorporated in the different systems.
Therefore, a declslon was made tolinclude those design features which the.experi-
ence of others had shown to be adequate or had at least indicated promise in bro-
viding satisfactory results.

After conducting preliminary skid tests, the need for certain modifications
to improve the perfofmanee of the system became apparent. One of the major modi-~
fications made in the equipment 1nvolvad the watering system The primary purpose
of the waterlng system is to simplate a wet pavement c0ndition by applylng a water
layer to the pavement directly in front of the locked wheel durlng a skid test.

"For a water system to be most effectlve, the flow rate of the water discharged
~ should be constant and the erossvsect;qnal area of the water layer should be

uniform. |

The original equipment inciuded an electricelly powered water pumplwhich.
opegated from the battery of the'noﬁ vehicle. Preiiminary tests of the original
eduipment indicated that the water flow rate discharged by the ﬁump varied with
the state of charge of the battery. Because of this variation, the elec;rie water
pump was removed and replaced by two positive displeeement water pumps.which.are
gear-belt driven by the drive shaft of the tow vehlcle. Tﬁe pump system‘as now
modified produces a constant water flow rate which is directly proportlonal to
vehicle speed,

From visual observations of the water discharged in front of each tire By
the nozzle applicators, fhe width of.the water trace was found inconsistent due

4
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to the turbulencé and scatter of the water as the water stream was applied to the
pavement surface. The water discharge apparatus was mpdified by adding'brush
applicators which provide a more uniform distributiqn of thé water in froﬁt of
the test tire, Rubber baffle plates also were added on each side of the brushes
- to further restrict the lateral disflacement of the water.trace. |

The general guidelines for deveioping the watering system as‘outlined bﬁ
ASTM Designatidn: E 274-65T ére flexible in thaf a number of possible water appli-
cator configurations are permitted provided the requirements for the thickness of
the water }ayer are ﬁet. Comparative tests of three common wmethods of watei
applicatioch were conducted to evaluaté the effect of the brush applicators when
measuring the skid resistance qf_pavements.l The methodg compared were: (1) wa;er
applied by nozzle directly to the pavement;-(z) water applied by nozzle directly
to the tire; and (3) water applied by brush diréctly to the pavement;

'This study has indicated that, by difectly applying the water with a noézie,
it is extremely difficult tﬁ obtain a uﬁiform-wager layer which even approkimates
the computed f1lm qhigkpéag, A greatér Qegreé of uniformity waé achieved, however,
with the use of brush applicatﬁrs whicﬂ placed a wnter lﬁyer more consistent in both
thickness and width. The test results algo inﬂipate'that the Ekid values recorded
were sigﬁificantly different, deéending on the method of application.

The flow rate of the watering syétem was célibrated to insure that the quantity

of water applied to the pavement WaS'sdfficient, Thé mea;ured flow rates of 26.1
gpm at the left wheel and 24,4 gpm at the right wheel afe within‘the range of flow
gates needed for depositing the specified water layer,

Revisions also were made to the recording system to improve the stability
of the signal conditioning equipment. The recording systeﬁ includes two :DC pre-

amplifiers, a strain gage excitation power supply, and a two-channel recorder.
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froblems encountered with the recording system included: (1) unstable gain within
the preamplifiers; (2) extensive fluectuations of the excitation voltage provided
by the power supply; and (3) uﬁdesirable signal-to~noisé ratio in the_reco;déd
output. |

The unstable gain in fhe preaﬁplifiers was corrected by replacing the tempera-
tufe sensitive carbon resistors with precision resistors having a very low tempera-
ture coefficient, and by 1owéf1ng the gain of the feedback circuit from 500 to 200.
The overall system gain ﬁas maintained By increasing the gain of the recorder,
which was capable of operating at é higher gain level without affecting thé stability
of the system.

The fluctuation in the excitaﬁion voltage was corrected by replacing the shunt-
regulated power supply with a.transistﬁrized,series—regulated unit whihh was capable
of supplying an output of 6 volts within + 0.1 'pgrceﬁt.

In o;der toHdetermine ;he magni;pde of the torques‘applied.to thello;ked.ﬁheels
during a skid test,‘the ﬁorquelfranédacéfs were calibraﬁed to.establiéh a relation-
ship between measuréd étraiﬁs énd tﬁe cﬁrfgsponding torques. A lever arm device
vwas used to cnlibrnte‘the torque transducers iﬁ place of the pull method suggested
by ASTM‘Duﬂignation:_ E 274-65T. The lever arm method was selected becausé of its
simplicity and aceuracy in applying é known torque to the transducers. OQur experi-
ence; as well as that of other investigators, has indicated that the use of thé
lever arm dévicé reduces the time reQuired to‘compleﬁe the caiibration while méin~:
taining a degree of accuracy equivalent tp the pu11 methéd;_ During a—skid.test, a
calibration pulse representing a known ;orque is prodﬁced for comparison with the
recorded test data. |

The effort put forth dﬁfing this phase of the fesearéh was.made in an attempt

to develop a skid testing device which conforms to the ASTM guidelines and which
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facilitates the collection of meaningful data for establishing the relative skid
resistance of pavements constructed iﬁ Illinois. Cbrrelation gtudies of ﬁrailers
utilizing different-self—watering systems, inclusive of the variety of nozzle and
brush éonfigurations.in use, have indicated large differences in recorded data when
comparing the results deriVEd by the trailers. Attempts at correlating the Illinois
skid trailer with similar units develsped by other agencies also have shown that

the Illinois equipment consilstently yields a lower skid number when testing the

same section oflpavement.‘ From the results of these correlation studies and from
préliminary.tests using various wetting systems,‘theré is every indication that a
standard system for applying water to the pavement is needed before a meaningful

comparison can be made with the variety of skid trailers now in existence.
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